INTRODUCTION
============

The carpal tunnel syndrome (CTS) is the most common compressive neuropathy and any condition that increases the volume of structures or decrease the space inside the tunnel can cause symptoms. Inside the carpal tunnel there are nine flexor tendons of the finger and the median nerve. The tunnel\'s floor is formed by the concave arch of carpal bones covered by ligaments and the ceiling is formed by the transverse carpal ligament. Inside the tunnel the median nerve is located superficial to the superficial flexor tendon of the middle and ring fingers.[@B01] ^,^ [@B02] The diagnosis of CTS is clinical, based on history, physical examination and confirmed by electrophysiological studies. Other conditions such as cervical radiculopathy, brachial plexus injuries, thoracic outlet syndrome, pronator syndrome, cubital tunnel syndrome and peripheral neuropathies may present with similar clinical presentation in the hands should be excluded.[@B03] The treatment of this syndrome is initially conservative with infiltration of corticosteroid into the carpal tunnel, immobilization of the wrist with nocturnal orthosis, anti-inflammatories and oral corticosteroids.[@B01] Surgical treatment is indicated in patients who did not improve with conservative treatment, patients with thenar atrophy or electrophysiological evidence of denervation. Even in severe cases surgical release of the median nerve provides symptom relief and some functional recovery.[@B04]

There are several surgical options, including the classic open technique, with mini-incision, the endoscopic way, and the one through retinaculotome. Regardless of the surgical technique, the different anatomical variations in the region require care during carpal tunnel release.

The complications of surgery are well documented in the literature and can occur at any of the employed techniques.[@B04] ^,^ [@B05] In recent years there has been an increasing use of endoscopic methods for the release of the carpal tunnel in order to expedite the patient\'s return to work and reducing morbidity.[@B06] The disadvantages of this technique are the higher cost of surgery and the highest learning curve of the surgeon, compared to the open technique.[@B06] ^-^ [@B08]

The objective of this study is to evaluate the results of surgical treatment in 80 wrists of 78 patients with CTS operated with the single portal technique using the Razek Blade^(r)^ system manufactured in Brazil. A post - operative follow-up of six months was conducted for evaluating pain, function, strength and sensitivity.

MATERIALS AND METHODS
=====================

For the diagnosis of CTS, there were considered patients whose history and physical examination showed three or more diagnostic criteria, according to AAOS parameters. Namely: 1) Paresthesia in the median nerve territory, 2) Nocturnal paresthesia; 3) Thenar atrophy, 4) Positive Tinel test; 5) Positive Phalen test; and 6) Decrease sensitivity.[@B09]

All patients had a CTS confirmed diagnosis by electromyography examination. Patients who failed the conservative treatment or thenar atrophy underwent surgery.

Eighty wrists of 78 patients undergoing carpal tunnel decompression between May 2009 and April 2012 were evaluated. Assessments were performed preoperatively, and at 1, 3, and 6 months postoperatively.[@B01] Assessment of included patients was performed through the Boston Questionnaire, the Visual Analog Pain Scale (VAS), sensitivity monofilament test, hand grip strength, lateral pinch, pulp to pulp pinch and tripod pinch. All evaluations were performed by a single hand therapy specialist physiotherapist. The Boston Questionnaire translated and validated for the Portuguese language was completed by the patient without medical assistance. In case of illiterate patient, self-administered questionnaire was transformed into an interview.[@B10]

The visual analog pain scale (VAS) was used to quantify the pain reported by the patient, ranging from zero (no pain) to ten (maximum pain).

We performed the measurement of hand grip strength, lateral pinch, pulp to pulp pinch and tripod pinch. A hydraulic palmar grip dynamometer and a digital hydraulic grip dynamometer, both from Baseline^(r)^ (Irvington, NY, USA) were used. To perform the measurements, subjects were seated with the adducted arm in parallel position to the trunk, elbow flexed at 90°, forearm and wrist in neutral position. ([Figure 1](#f01){ref-type="fig"}) Three measurements were performed per test, with the highest strength possible, adopting the average of the values measured in kilogram-force.[@B11]

Figure 1Measurement of palmar strength.

Sensitivity was investigated by the nylon monofilaments testing (Estesiômetro^(r)^ manufactured by SMILES, Bauru, SP - Brazil). ([Figure 2](#f02){ref-type="fig"}) The use of monofilament allowed to graduate sensitivity at various levels, from normal until deep loss of sensitivity, through intermediate levels. Thus, it was possible to quantify and monitor the evolution of neural function. The collection consists of a set of seven tubes where each one accurately indicates the axial force required to bend the filaments, which are of different colors, and match grade in grams. Green - 0.05 g; blue - 0.20g; violet 2.00g; dark red - 4.00g; orange - 10.00g; magenta red - 300.00g. The test was performed without visual observation of the patient and demonstrated in an area of skin with normal sensitivity. The patient was asked to move the finger to feel the touch. The test started with the lightest monofilament (0.05g - green) followed by the next heavier monofilament (0.20g - blue) and so on. The green and blue filaments were applied up to three times at each site, being enough only one positive response to confirm sensitivity. The fingertips of all fingers were evaluated, but for statistical purposes we used the data of the index finger since it is an autogenous area of the median nerve.

Figure 2Esthesiometry of the index finger pulp.

The mean age was 54.8 years old, ranging from 33 to 81 years. Patients were predominantly female (95%), 52% had jobs, 34% were housewives, and 8% were retired. The most common affected hand was the dominant one in 52% of cases and the mean duration of symptoms was six years (0.5-20 years).

All patients were operated on by the same surgical technique for endoscopic carpal tunnel decompression using the single portal Razek Blade system. ([Figure 3](#f03){ref-type="fig"}) The surgeries were performed with blocking the upper limb using a pneumatic tourniquet after exsanguination. A 3 0cm transverse incision in the crease of the distal wrist flexion between the radial flexor tendons and the ulnar carpal was made. After careful dissection and protection of cutaneous nerves, palpation of the hamate hamulus with a probe inside the carpal tunnel was made. Dilators were then sequentially introduced to feel them subcutaneously after the transverse carpal ligament (TCL). The procedure was followed by curettage of the entire synovial volar region of the TLC to allow a clear view of its transverse fibers. ([Figure 4](#f04){ref-type="fig"}) The blade was introduced by palpating with the thumb of the opposite hand to the palmar region until its presence at the tunnel exit. The blade was driven to cut off only the distal fibers of the TLC after endoscopic visualization. We sectioned it in two stages, keeping intact the proximal ligament, to avoid the fall of fat tissue. ([Figure 5](#f05){ref-type="fig"}) The cut of the distal ligament was inspected and completely transected, followed by the incision of the remainder. The blade was placed again in the tunnel to inspect the incised TLC. Optics was slightly rotated 20° to allow viewing of the sectioned edge of TLC. ([Figure 6](#f06){ref-type="fig"}) Through the same incision, the antebrachial fascia was dissected and sectioned proximally. The surgery was completed by skin closure followed by dressing and bandaging. Patients were instructed to start active movement of the fingers as soon as the pain would allow.

Figure 3Instruments for endoscopic procedure 1) soft parts protector; 2) scale; 3,4) dialators; 5) curette; 6) hand\'s part; 7) optics; 8) blade.

Figure 4Endoscopic view of terminal TLC.

Figure 5Endoscopic view of the distal section of the TLC fibers.

Figure 6View of sectioned TLC (20 degrees optical rotation).

Statistical analysis
--------------------

To test for means equality a parametric variance analysis was performed, with contrasts made by Bonferroni method. When it was not possible to perform parametric variance analysis, a Friedman\'s non-parametric test for related samples was used to compare whether the mean of each variable was the same in four stages. All hypothesis tests were conducted using a significance level of 5%. Thus, the analysis of significance and scale Visual Analog Pain Scale (VAS), Boston questionnaire and sensitivity scale were made through analysis of variance (ANOVA), non-parametric multiple comparisons for paired data and the Friedman\'s test. The variables grip strength, lateral pinch, pulp-pulp pinch and tripod pinch were assessed by ANOVA and Bonferroni multiple comparisons.

RESULTS
=======

There was a statistically significance of the variable pain (VAS) when comparing the data of preoperative to 1, 3 and 6 months postoperative ([Table 1](#t01){ref-type="table"}) and also between the 1^st^ and 6^th^ months postoperatively. ([Table 2](#t02){ref-type="table"}) We observed a progressive reduction of pain intensity throughout the treatment, decreasing 7.4 points from preoperatively to 2.4 points at 6 months postoperatively. ([Figure 7](#f07){ref-type="fig"}) At the individual analysis of patients, it was evident that all showed significant improvement in pain on the first postoperative evaluation. At the functional assessment (Boston questionnaire) there was also significance when comparing data from the preoperative to one, three and six months postoperative ([Table 1](#t01){ref-type="table"}) but also between the 1^st^ and 3^rd^ and 1^st^ and 6^th^ months post-surgery. ([Table 2](#t02){ref-type="table"}) The decline of 50% in the score, from 66 preoperatively to 33 at the 6^th^ months postoperatively translates the improvement in symptoms and manual ability. ([Figure 8](#f08){ref-type="fig"})

Table 1Result of ANOVA with repeated measurements.VariableFollow upMeanSt. Dev.MedianMinimumMaximumpPain ScalePreop. -7.432.618010\<0.001\*1 month3.963.3140103 months3.333.0330106 months2.462.961010BostonPreop. -65.9913.57663396\<0.001\*1 month40.4915.6937.520943 months33.8313.463116796 months33.1015.74261977Sensitivity scalePreop. -2.530.94315\<0.001\*1 month1.810.892143 months1.700.881146 months1.490.75114[^2]

Table 2Result of non-parametric multiple comparisons for impaired dataVariableComparisonDifferenceMax diffTpPain scalePreop. - 1 month98.023.098.359\<0.001Preop. - 3 months121.523.0910.363\<0.001Preop. - 6 months144.523.0912.325\<0.0011 month - 3 months23.523.092.0040.0461 month - 6 months46.523.093.966\<0.0013 months - 6 months23.023.091.9620.051BostonPreop. - 1 month110.019.7510.973\<0.001Preop. - 3 months167.519.7516.708\<0.001Preop. - 6 months184.519.7518.404\<0.0011 month - 3 months57.519.755.736\<0.0011 month - 6 months74.519.757.432\<0.0013 months - 6 months17.019.751.6960.091Sensitivity scalePreop. - 1 month64.020.176.255\<0.001Preop. - 3 months76.520.177.477\<0.001Preop. - 6 months99.520.179.725\<0.0011 month - 3 months12.520.171.2220.2231 month - 6 months35.520.173.4700.0013 months - 6 months23.020.172.2480.026

Figure 7Visual analog pain scale (VAS).

Figure 8Points in Boston questionnaire.

Sensitivity of the index finger\'s pulp was statistically significant when comparing the data from the preoperative period to one, three and six months postoperative, ([Table 1](#t01){ref-type="table"}) also between the 1^st^ and 6^th^ months and between the 3^rd^ and 6^th^ months post-surgery. ([Table 2](#t02){ref-type="table"})

When we analyze the variance for grip strength, lateral pinch, pulp to pulp pinch and tripod pinch there were no statistically significant differences in all variables, ([Table 3](#t03){ref-type="table"}) however, the Bonferroni test showed no significant difference between the preoperative and at six months postoperatively values, except for the tripod clamp. ([Table 4](#t04){ref-type="table"})

Table 3Result of ANOVA with repeated measurements to variables grip strength, pulp to pulp pinch, lateral pinch and tripod pinch.VariableFollow upMeanSt. Dev.MedianMinimumMaximumpGrip strengthPreop.-13.546.5414130\<0.0011 month-10.364.7610127.53 months-13.044.9712.82.5266 months-14.655.5715.253.829.5Pulp to pulp pinchPreop.-2.451.062.50.55.5\<0.0011 month-2.200.9720.553 months-2.601.192.50.566 months-2.901.242.90.56.5Lateral pinchPreop. -4.391.884.50.58.5\<0.0011 month-3.651.573.517.53 months-4.291.694.118.56 months-4.901.7550.59.5Tripod pinchPreop.-3.091.3730.56.5\<0.0011 month-2.641.242.50.563 months-3.121.383176 months-3.611.393.50.58

Table 4Result of Bonferroni\'s multiple comparisons for the variables grip strength, lateral pinch, pulp to pulp pinch and tripod pinch.VariableComparisonMean DifferenceSt. Deviationp InferiorIC (95%)SuperiorGrip strengthPreop. - 1 month3,180,61\<0,0011,544,82Preop. - 3 months0,500,69\>0,999-1,372,37Preop. - 6 months-1,110,680,647-2,960,741 month - 3 months-2,680,47\<0,001-3,95-1,401 month - 6 months-4,290,58\<0,001-5,85-2,733 months - 6 months-1,610,470,005-2,87-0,35Pulp to pulp pinchPreop. - 1 month0,260,110,161-0,050,57Preop. - 3 months-0,120,13\>0,999-0,460,22Preop. - 6 months-0,430,140,015-0,80-0,061 month - 3 months-0,380,110,005-0,68-0,091 month - 6 months-0,690,12\<0,001-1,01-0,363 months - 6 months-0,300,120,061-0,620,01Lateral pinchPreop. - 1 month0,730,190,0020,201,26Preop. - 3 months0,120,20\>0,999-0,420,67Preop. - 6 months-0,500,200,077-1,040,031 month - 3 months-0,610,14\<0,001-0,99-0,221 month - 6 months-1,240,17\<0,001-1,69-0,783 months - 6 months-0,630,13\<0,001-0,97-0,29Tripod pinchPreop. - 1 month0,450,130,0050,100,81Preop. - 3 months-0,010,13\>0,999-0,360,33Preop. - 6 months-0,500,140,003-0,88-0,121 month - 3 months-0,460,110,001-0,78-0,151 month - 6 months-0,960,13\<0,001-1,30-0,613 months - 6 months-0,490,11\<0,001-0,78-0,20

There were no complications such as nerve injury, vascular injury of the palmar arch, infection, complex regional pain syndrome or need for reoperation. [Table 4](#t04){ref-type="table"}. Result of Bonferroni\'s multiple comparisons for the variables grip strength, lateral pinch, pulp to pulp pinch and tripod pinch.

DISCUSSION
==========

The carpal tunnel syndrome is the most common compressive neuropathy with a prevalence of 51-125:100,000 persons.[@B04] It occurs mainly in women between the fourth and sixth decades of life.[@B01] We observed incidence in females of 95% and mean age of 54.8 year , consistent with the literature data.

CTS surgery is a procedure performed worldwide, often in an outpatient unit and usually indicated due to low rates of clinical improvement with conservative treatment.[@B03] ^-^ [@B05] Due to the great frequency with which this surgery is performed as there is interest in the possibility of new techniques in order to improve outcomes such as postoperative pain, pinch strength, function and return to work. Thus, the endoscopic technique was introduced, which although has higher costs due to instruments and increased surgical time in the operating room, this can be minimized since patients undergoing endoscopic release can return earlier to work.[@B06] ^,^ [@B07] ^,^ [@B12]

In our sample, more than half (52%) of the patients had jobs and 34% were exclusively housewives. The disease primarily affects women, and in our culture, especially in the lower social classes, housewives are responsible for a large number of heavy and repetitive household activities that are of great importance for the everyday family\'s life. Hence, it is of great economic and social importance the rapid postoperative recovery and early return to work.

Pain relief after release with open carpal tunnel technique is well documented in the literature.[@B01] ^,^ [@B03] ^,^ [@B04] ^,^ [@B08] Endoscopic carpal tunnel release according to Chow[@B13] has demonstrated a rapid recovery with little pain postoperatively all 109 patients evaluated, similar to results found in our study.

The Boston questionnaire has been validated in several countries and it is widely used for the evaluation of patients with CTS as it provides a standardization of subjective results.[@B10] ^,^ [@B14] ^,^ [@B15] This questionnaire has 19 questions that after being answered generates a score ranging from 18 to 90 points. The studies evaluating the questionnaire items independently show that the highest scores regarding the severity of the symptoms are related to pain (pain frequency and duration of pain episodes during the day), muscle weakness and regarding functional status they are related to strength (housework, open jar lid and carry grocery bags).[@B10] Regarding the open technique, literature show improvement in the scores between 25 and 79% after a minimum follow-up period of six months.[@B14] ^,^ [@B15] In our study we found a score improvement of 50 % using the endoscopic technique. The nylon monofilament test is widely used to assess sensitivity in patients with CTS.[@B06] ^,^ [@B16] ^-^ [@B18] Szabo *et al*.[@B16] demonstrated that out of 83% of patients who had preoperative changes, 65% have returned to normal sensitivity after six weeks with the open technique. In our study out of 87% of patients who had abnormal sensitivity preoperatively, 54% regained normal sensitivity after the first month and 62% after six months postoperatively. ([Figure 9](#f09){ref-type="fig"}) Brown *et al*.,[@B06] comparing a group which underwent endoscopic release and another submitted to classical surgery, observed not statistically significant differences between them and between pre- and postoperative measurements.

Figure 9Esthesiometry of the index finger pulp.

The decrease in grip strength and thumb pinch the in patients with CTS is well reported in the literature.[@B06] ^,^ [@B18] ^-^ [@B20] Gellman *et al*.[@B17] demonstrated that recovery of strength after classical open surgery occurred between the 3^rd^ and the 6^th^ months post-surgery. In our study we observed the recovery of palmar strength and digital clamp around the 3^rd^ month, exceeding values before surgery at the 6^th^ month postoperatively for all strengths measured ([Table 3](#t03){ref-type="table"}), however, we found no statistically significant difference between data preoperatively and at the 6th months postoperatively, except for tripod pinch. ([Table 4](#t04){ref-type="table"}) Santos *et al*.[@B18] suggest that 15 to 20% of patients never achieve their original strength due to the change in configuration of the carpal bones, or to loss of the pulley effect of the retinaculum. The safety of the endoscopic technique reflects the increasing complexity of the method versus the open technique. This emphasizes the need for adequate training programs.[@B06] In our study despite the surgeries have been performed solely by residents of the Hand Surgery unit assisted by mentors, there were no complications such as nerve injury, vascular injury of palmar arch, infection, reflex sympathetic dystrophy, nor need for reoperation. This demonstrates the safety of the method when applied with the correct technique. A recent Cochrane\'s systematic review[@B20] comparing the open technique versus the endoscopic one found no significant difference between them, therefore, the decision of the technique to be used should be the physician\'s along with the patient. Limitations of the study were the convenience sample and the absence of a control group.

CONCLUSION
==========

Surgical treatment of patients with carpal tunnel syndrome operated with the single portal technique proved to be a safe and effective method in improving pain, function, and regain of sensitivity and strength.
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